Chlamydiae are one of the most ubiquitous pathogens of humans and higher animals (17) . The two species of Chlamydia, C. psittaci and C. trachomatis, share less than 10% DNA homology, but are taxonomically related because of their similarities during the growth cycle (17, 18) . Upon infection of a mammalian cell, the elementary body forms an intracytoplasmic inclusion as a result of the invagination of the host cytoplasmic membrane (6, 11, 21) . Six to ten hours following infection, the elementary body becomes transformed into a reticulate body that divides by binary fission for the next 12 to 36 h. Following replication, the reticulate bodies mature again into elementary bodies, and the replication cycle of Chlamydia spp. is completed by 48 to 72 h. At this point, the chlamydial inclusion occupies most of the host cytoplasmic space and eventually causes the rupture of the cell, with the extrusion of the infectious elementary bodies into the surrounding milieu (6, 11) .
In 1962, Moulder postulated that chlamydiae are obligate intracellular parasites as a result of their inability to synthesize ATP (15, 16) . Since then, significant evidence supporting this concept has accumulated, and very recently, Hatch et al. (2, 9, 10) showed that chlamydial reticulate bodies can transport ATP and ADP by an ATP-ADP exchange mechanism, while the elementary bodies cannot transport ATP. In the past, several authors have noted that during the chlamydial growth cycle, reticulate bodies tend to be found at the periphery of the chlamydial inclusion, while the elementary bodies are generally located at the center of the inclusion (19) . Furthermore, mitochondria have been found in close association with the chlamydial inclusion (8, 20) . These observations prompted us to undertake an ultrastructural study in an attempt to gain an understanding of the transition from reticulate body to elementary body and to provide morphological evidence for the interrelationships between the host cell and chlamydiae.
HeLa 229, HEp2, A549, and T24 cells were obtained from the American Type Culture Collection, Rockville, Md., and McCoy cells were purchased from Viromed Laboratories, Inc., Minneapolis, Minn. The five cell lines were grown in Eagle minimal essential medium with 5% fetal calf serum (Irvine Scientific, Irvine, Calif.) and gentamicin (50 ,ug/ml) with or without cycloheximide (1 jig/ml) at 37°C in a 5% CO2 incubator (7) . The monolayers were grown in glass vials (15 by 45 mm) containing a 12-mm-diameter cover slip and were infected by centrifuging the chlamydial inoculum at 1,000 x g for 1 h at room temperature. C. trachomatis serovar L2 * Corresponding author.
(strain 434) and C. psittaci (Texas Turkey strain) were purchased from the American Type Culture Collection, and the TWAR-183 strain was obtained from The Washington Research Foundation, Seattle, Wash. Monolayers were prepared for electron microscopy at 24, 36, 48, and 72 h postinfection as previously described (7).
At 24 h postinfection, cells infected with C. trachomatis serovar L2 or C. psittaci (Texas Turkey) contained inclusions with multiple reticulate bodies actively dividing. On the other hand, cells infected with the TWAR strain showed small chlamydial inclusions containing a single or a few reticulate bodies. By 36 to 48 h, the chlamydial inclusions had further increased in size, and particularly in those cells infected with C. psittaci or C. trachomatis, elementary bodies were detected in the inclusions. In contrast, maturation of reticulate bodies into elementary bodies was detected in the TWAR strain by 48 to 72 h postinfection. With the three Chlamydia strains tested, the elementary bodies tended to occupy the center of the inclusion, while most of the reticulate bodies were located at the periphery of the inclusions (Fig. la) . Frequently, mitochondria were detected in close proximity to the chlamydial inclusion (Fig. la, b , e, and f). Analysis of the reticulate bodies that were in proximity to the inclusion membrane demonstrated ultrastructural characteristics not previously described. Some of the reticulate bodies in the area of contact with the inclusion membrane had a well-delineated double trilaminar membrane with an apparent rigid structure, in contrast to the "ruffled-ballerina-skirt" appearance of the rest of the cell envelope of the reticulate body (Fig. lc to h ). The periplasmic space between the outer and the cytoplasmic chlamydial membranes appeared septated, with electron-dense structures perpendicular to the two membranes. The septae measured 18 by 9 nm and had a periodicity spaced at 24 nm. This structural rearrangement of the chlamydial cell envelope was always in the region of the reticulate bodies, in close proximity and adjacent to the membrane of the inclusion as if it had initiated at that point (Fig. lc to g ). In some reticulate bodies, this modification had extended to involve a greater section of the cell envelope (Fig. lh) . Furthermore, the reticulate bodies that displayed this structural rearrangement appeared in many instances to be undergoing binary fission (Fig. lc, e, g, and h ). In . v . inclusion membrane (Fig. lc, g, and h ). In other instances, mitochondria could be seen in intimate contact with the reticulate bodies (Fig. la, b , e, and f). These observations were independent of the Chlamydia serovar or species, the cell line, or the presence or absence of cycloheximide in the medium. We describe here for the first time the presence of electron-dense structures in the periplasmic space of the chlamydiae. In the past, several authors have discussed the existence of this empty space as proof of the lack of peptidoglycan in the chlamydial envelope. Costerton et al. (5) described the presence of an electron-dense material in the periplasmic space, but they though that it was caused by the plasmolysis undergone by the elementary bodies during extraction. We do not know at this point either the molecular structure or the function of the electron-dense septae. The periodicity of these septae, however, may be based on the hexagonal array of the chlamydial membranes described by Matsumoto and Manire (14) for C. psittaci and by Chang et al. (3) for C. trachomatis. The hexagonal unit cell measures 17 to 20 nm in diameter, closely correlating with the 24-nm periodicity of the septae. According to Chang et al. (3) , this hexagonal protein array is composed of six subunit domains made up of dimers of the major outer membrane protein around a depression measuring 10 nm in diameter and 8 nm in depth. The septae could also correspond to the "button" or the "crater" structure described by Matsumoto (13) and Louis et al. (12) , respectively, in the cytoplasmic membrane of C. psittaci. These craterlike formations measure 27 nm in diameter and are spaced approximately 40 to 50 nm apart, and in the model proposed by Louis et al. (12) , the center of the crater has a canal that is continued through the cell wall. Alternatively, the septae may be unique structures formed during a very specific stage of the growth cycle of the chlamydiae to facilitate the transfer of specific metabolites from the host cell or to provide structural rigidity to the cell envelope. The morphological changes were observed mainly at 36 and 48 h postinfection, the point at which the reticulate bodies are reorganizing into elementary bodies. A signal or a metabolic component may be transferred from the host cell and result in the final division of the reticulate body before conversion into an elementary body. The observation that in most instances the morphologically modified reticulate body is in close contact with endoplasmic reticulum or mitochondria supports the concept that there is a transfer of metabolic components, most likely including ATP, between the host cell and chlamydiae. In addition, the membrane changes may represent new-membrane assembly by the microorganism, perhaps using the host cell inclusion membrane as a primer.
Bavoil et al. (1) proposed that the reorganization of the reticulate body into an elementary body occurs when the level of ATP and the reducing power, in the form of NADPH or reduced glutathione, significantly decrease. As a result, these authors suggested that there will be rigidification and closing of the pores in the outer membrane and oxidation of free sulfhydryls into disulfides. It is then not surprising that to facilitate the transfer of metabolites, the reticulate bodies get into close physical contact with the mitochondria and the endoplasmic reticulum. Further studies will be needed to understand the structure of the chlamydial cell envelope. It appears, however, that the cell envelope is very pliant and is rearranged to meet the structural and metabolic requirements of the microorganisms at the different stages of the growth cycle.
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